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(54) Resist pattern thickening material, resist pattern and forming process thereof, and 
semiconductor device and manufacturing process thereof 



(57) A resist pattern thickening material comprises 
a resin, a crosslinking agent and a compound having a 
cyclic structure, or resin having a cyclic structure at a 
part. A resist pattern comprises a surface layer on a re- 
sist pattern to be thickened with an etching rate (nm/s) 
ratio of 1 .1 or more of the resist pattern to be thickened 
to the surface layer, under the same condition, or a sur- 
face layer on a resist pattern to be thickened. A process 
for forming a resist pattern comprises applying a resist 
pattern thickening material after forming a resist pattern 
to be thickened on the surface. A semiconductor device 
comprises a pattern formed by the resist pattern. A proc- 
ess for manufacturing the semiconductor device com- 
prises applying, after forming a resist pattern to be thick- 
ened on an underlying layer, the thickening material to 
the surface of the pattern to thicken , and patterning the 
underlying layer by etching using the pattern as a mask. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 
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SSL JT PreSe t T"T relat6S l ° 3 feSist pattem thickeni "9 material which thickens a resist pattern by being 
apphed onto a res.st pattern that is formed of an ArF resist, may form a fine pattern exceeding exposure Hrtt of optical 
source of an exposure device, and allows for improving etching resistance of the resist pattem a resist Stern wS 
may be patterned by an ArF excimer laser and the like, has a fine structure, and is excellent in etching reststan^e and 
an efhaent process for forming the resist pattern; a semiconductor device having a fine JZ!SZS^£2 
pattern, and an effiaent process for manufacturing the semiconductor device. 



Description of the Related Art 



[0002] Recently, a semiconductor integrated circuit is highly integrated. LSI and VLSI have been utilized Accordinalv 
fo rr 9 nn nOW : eaCh6S the ra "9 e ° f less 0.2 Mm. and the minimum pattern is 0.1 ^TE^SX 
Znc ^ B1 ? h T , : 9 f Patte ":' ? iS ^ imp ° rtant t0 take advaMa 9 e of "thography, which refers t^he steps o cover a 
treating substrate formed of thin films by a resist film, to form a resist pattern by developing after selectively exoosTna 
hght, and to carry out dry-etching by using the resist pattern as a mask.. Thereafter, it is also very EjSEXS 
a desired pattern by removing the resist pattern. Y ,mponanl IO ODtain 

[0003] In order to form a fine wiring pattern, it is necessary both to shorten a wavelength of optical source of an 
exposure dev,ce, and to develop a resist materia, which has a high resolution based upon plpS of an opticT. 
source. However, in order to shorten the wavelength of the optica, source at the exposure dev c Tis ind LpensaS 
to renew an exposure device, which results in considerable .expenses. Developing a resist materia, whth sul an 
exposure with a shorter wavelength is not very easy. <si maienai wnicn suits an 

[0004] A process of manufacturing a semiconductor device includes first forming a fine pattern by resist pattern and 
then f,ne.y using the resist pattern as a mask. Therefore, the restet pattern is preferably exce.lent S^Z 
However the newest technique, an ArF (argon fluoride) excimer laser exposure, has a problem thTa rLTst p^ern 
used for the exposure is insufficient in etching resistance. It is possible to use a krF (krypton fluoride) r 2 st but ^e 
KrF res,st sometimes has insufficient etching resistance in a case of a severe etching coTdition a thick Z££££ 
form,ng a fine pattem. and having a thin resist thickness. There has been a requestor a 2nk,uMo Sm a esisi 
rnnST ^"T 6tChin9 tesislance ' and t0 f °™ a fine pattem by using the resist pattern 

[0005] A technique called RELACS is described in Japanese Patent Application Laid-Open No 10-73927 in which 

LTm r be ? T* by USe ° f KrF (krypt ° n " UOride > excimer ,aser (wave.ength: 248 m) of deep uZioS 

beam as theexposurel.ghtforaresist.Thistechniquecomprisesformingaresistpatternby exposing iL Jslt toosttive 
a Sfm b^l r ^ flUOride) •**"•' ' 3Ser < wa ^ngth: 248 nm) as the exposure Hght providing 

a f.lm by use of a water-soluble resin composition so as to cover the resist pattern, making the film in eract Sthe 
resist pattern ,n the interface by use of the residua, acid in the materia, of the resist patten " ?tS^n (iSS^lS 

[0006] In that case, however, the KrF (krypton fluoride) resist is an aromatic resin composition such as novolc resZ' 
naphtoqumodiadido, and the like. Since an aromatic ring contained in the aromatic resin compositk>n absorioMh^ W 
ZZ?n aSS ; 9ht ' (ar9 ° n f ' UOride) 6XCimer ,3Ser H 9 ht is unable t0 tra "^« the KrF ,ES££? the a!f 
? IX rxp^Tgr" " ,i9ht ' WhiCh 3 Sh ° rter WaVe,en9th than thS AfF 6XCimer ,aser cann" be us^o 

Egmcan alTbe us^ d^ " * ^ ^ " iS Preferable thS ArF (argon "^excimer iaser 

2 Accordin 9ly. a technique to form a fine pattern exce.lent in etching resistance with low cost, by using the ArF 
so (argon f.uonde) excimer .aser hght as an optical source of an exposure device when patterning is not yet provided 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a resist pattern thickening material capable of forming a fine 
pattern w,th low cost by apptying the resist pattern thickening material, exceeding an exposure limit o7an optical 
55 esource of an exposure device, improving the etching resistance of the resist pattern P 

Lxc^ir ,L h ! r P K eSen r inVe r ti T haS 8 <Urther ° bjeCt l ° Pr ° Vide 3 r6Sist pattern which ca " P^med by using ArF 
excimer laser, has a fine structure, and is excellent in etching resistance 

[0011] Another object of the present invention is to provide a process for forming a resist pattern capable of using 
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ArF excimer laser light as exposure light with excellent mass-productivity and forming a fine pattern by the resist pattern 
over the exposure limit of light with low cost, with ease, and with improving etching resistance. 
[0012] The present invention has an additional object to provide a high-performance semiconductor device having 
a fine pattern formed by a resist pattern. 

5 [0013] The present invention has another object to provide a process for manufacturing a semiconductor device 
capable of using ArF excimer laser, exposure light, and efficiently mass-producing a high-performance semiconductor 
device having a fine pattern by a resist pattern finely formed thereon exceeding the exposure limit of light. 
[0014] The resist pattern thickening material of the present invention comprises a resin, a crosslinking agent and a 
compound having a cyclic structure, or it comprises a resin which has a cyclic structure at a part and a crosslinking agent. 

10 [0015] When the resist pattern thickening material is applied onto a resist pattern, among the applied resist pattern 
thickening material, a portion thereof present near the interface with the resist pattern is penetrated into the resist 
pattern and then crosslinked with (mixed with) the material of the resist pattern. The resist pattern thickening material 
shows good affinity toward the resist pattern. Therefore, a surface layer (a mixing layer), where the resist pattern 
thickening material is integrated (mixed) into the resist pattern, is efficiently formed on a surface of the resist pattern 

'5 (the resist pattern is efficiently thickened by the resist pattern thickening material). 

[0016] Since the surface layer is formed of the resist pattern thickening material and contains the compound having 
a cyclic structure or a resin which has a cyclic structure at least at a part, the surface layer In resist pattern is excellent 
in etching resistance. As a result of that, the resist pattern formed (hereinafter, may be referred to as a "resist pattern") 
is already Lhickened by the resist pattern thickening material, the pattern formed by the resist pattern has a finer struc- 

20 ture, exceeding an exposure limit. 

[0017] The resist pattern of the present invention comprises a surface layer on a resist pattern to be thickened, with 
a ratio of. 1 .1 or more (resist pattern to be thickened / surface layer) in etching rate (nm/s) of the surface layer to the 
resist pattern under the same condition. The resist pattern can be formed by using an ArF excimer laser for an exposure 
light. Since this resist pattern has the highly etching-resistant surface layer, it is suitable for etching process, and for 

25 forming of a fine pattern. 

[0018] The process for forming a resist pattern of the present invention comprises a step for applying the resist 
pattern thickening material of the present invention so as to cover a surface of a resist pattern to be thickened after a 
step of formation of the resist pattern to be thickened. When the resist pattern thickening material is applied onto a 
resist pattern to be thickened, in the applied resist pattern thickening material, a portion thereof present near the in- 

30 terface with the resist pattern is penetrated into the resist pattern to be thickened and then crosslinked with (mixed 
with) the materia! of the resist pattern. Therefore, the resist pattern thickening material is integrated into the resist 
pattern to be thickened (a mixing layer is formed). The surface layer is formed of the resist pattern thickening material, 
and comprises a compound having a cyclic structure or a resin which has a cyclic structure at least at a part, hence 
the surface layer is excellent in etching resistance. The resist pattern thus formed is already thickened by the resist 

35 pattern thickening material. Therefore, a pattern formed by the resist pattern has a finer structure, exceeding an ex- 
posure limit. 

[0019] The semiconductor device of the present invention comprises a pattern formed by the resist pattern of the 
present invention 

[0020] This semiconductor device has a high quality and high performance since it has a fine pattern formed by this 
40 resist pattern. 

[0021] The process for manufacturing a semiconductor device of the present invention comprises a step for forming 
a resist pattern by applying the resist pattern thickening material of the present invention to cover a surface of a resist 
pattern to be thickened to thicken the resist pattern to be thickened to form the resist pattern, after forming the resist 
pattern to be thickenedon an underlying layer, and a step for patterning the underlying layer by performing an etching 

^5 using the resist pattern formed in the step for forming the resist pattern as a mask. 

[0022] In this process for manufacturing a semiconductor device, the resist pattern thickening material is applied 
onto the resist pattern to be thickened after the resist pattern to be thickened is formed on the underlying layer. The 
resist pattern thickening material present near the interface with the resist pattern to be thickened is penetrated into 
the resist pattern to be thickened and then crosslinked with the material of the resist pattern. Therefore, a surface layer 

50 integrated with the resist pattern to be thickened is formed on the resist pattern to be thickened . Since the surface layer 
(mixing layer) is formed of the resist pattern thickening material and contains the compound having a cyclic structure 
and the resin which has a cyclic structure at least at a part, the surface layer in the resulting resist pattern is excellent 
in etching resistance, and the etching processing or the like can be suitably performed. Since the resulting resist pattern 
is thickened by the resist pattern thickening material, the pitch of the pattern by the resist pattern is smaller (finer) than 

55 the pitch formed by the resist pattern prior to thickening, to the extent of the thickened portion by the resist pattern 
thickening material. The finer pattern by the resist pattern is formed exceeding the exposure limit of light. 
[0023] By etching over the mask of the resist pattern which has excellent etching resistance, the innerlayer is finely 
patterned. 
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[0024] As a result, a semiconductor device having an extremely fine pattern can be efficiently formed. 
BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

Figs 1 A through 1C is a schematic view for showing a mechanism of thickening of a resist pattern by use of a 
resist pattern thickening material according to the present invention. 

Figs. 2A through 2E are schematic views for showing one example of a process for forming a resist pattern ac- 
cording to the present invention. 

r?, S „rHlT d t K B UP f er SUrfaCS ViSWS ° f 3 FLASH EPROM that is one exam P ,e of a semiconductor device 
according to the present invention. 

Figs. 4A through 4C are schematic sectional views (1) for showing a manufacturing process for FLASH EPROM 

Rnl' S e; n n t e h eXar lI P ^ 0f 3 Pr0C6SS f0f manufacturin 9 a semiconductor device according to the present invention. 
Figs. 5D through 5F are schematic sectional views (2) for showing a manufacturing process for FLASH EPROM 

S^r"^* ."K ° f 3 P ? CeSS f ° r manu,acturin 9 a semiconductor device according to the present invention. 
Figs. 6G through 61 are schematic sectional views (3) for showing a manufacturing process for FLASH EPROM 
that is ; one example of a process for manufacturing a semiconductor device according to the present invention 
i-.gs. 7A through 7C are schematic sectional views for showing a manufacturing process for FLASH EPROM that 
hons r emb ° diment °' the process for manufacturing a semiconductor device according to the present inven- 
Figs. 8A through 8C are schematic sectional views for showing a manufacturing process for FLASH EPROM that 
p a r°iA e t r h em k ^f nt ° f th f process tor manufacturing a semiconductor device according to the present invention. 
Figs 9A through 9D are schematic sectional views for showing one example of the application of a resist pattern 
thickened by use of the resist pattern thickening material of the present invention to manufacture of a magnetic 

S 10 t a „ SCh T atic sectional view for showi "9 3 Process (1) of one example of the application of the resist 
pattern thickened by use of the resist pattern thickening material of the present invention to manufacture of a 
magnetic head. 

!1« 11 il a ^ Ch Tu atlC S6Cti0nal Vi6W f ° r ShoWin9 3 process < 2) of one exam P' e of th e application of the resist 
pattern thickened by use of the resist pattern thickening material of the present invention to manufacture of a 
magnetic head. 

t\ aa T? k> SeCt !°" al view for showin 9 3 Process (3) of one example of the application of the resist 
magnetic head" ^ r6SiSt mckenin 9 material ° f the P"*ent invention to manufacture of a 

niL™ 1 & f hematiC seCtional view for showin 9 a P rocess W of another example of the application of the resist 
magnetic head" reS ' St mckenm V material of the present invention to manufacture of a 

2Jm fh^Tf 0 S6Cti0nal Vi6W f ° r Sh ° Wing 3 pr0CesS (5) ° f another exam P' e of application of the resist 
magnetic head ' m ° kenm9 material of the P resenf invention to manufacture of a 

F, t 1 5 li 3 , SChematic sec «onal view for showing a process (6) of another example of the application of the resist 
magnetic head" ed * ^ ^ mckenm * material of the P rese "t invention to manufacture of a 

Fig. 1 6 is a plan view showing one example of the magnetic head manufactured in the processes of Figs. 1 0 to 1 5 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(Resist Pattern Thickening Material) 

50 

Jl 2 l h Th h e ^ P K f em thick *™9 material of the present invention is a water-soluble or an alkali-soluble compo 
sition, wh,ch is su,tably ,n aqueous solution The compositions may be in colloidal solution, emulsion solution, and the 

« S s^Z^:^** reS,St ^ thlCkenin9 materia ' ° f ^ ^ *rst 

C nmnI,nH h H e / eSiSt ™ Cke ™ g ° f {he embodi ™^ contains a resin, a crosslinking agent, and a 

1° Z ZT ng 3 ^r^^^ 6 ' M " C ° ntalnS 3 SUrfaCtant ' an or 9 anic solve ^ »d other components ac- 
cording to the purpose. The, resin may have a cyclic structure at a part of itself. 
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[0029] The resist pattern thickening material of the second embodiment contains a crosslinking agent and a resin 
which has a cyclic structure at one part. The resist pattern thickening material further contains the resin , the compound 
having a cyclic structure, the non-ionic surfactant, the organic solvent, and the other compositions. 

5 -Resin- 

[0030] The resin is not particularly limited, and can be properly selected according to purposes. However, the pref- 
erable examples includes a water-soluble resin, or an alkali-soluble resin. The more preferable examples include a 
resin that can cause cross-linking reaction, or a resin that can be mixed with a crosslinking agent. Those resins may 

^0 be used either alone or in combination of two or more. 

[0031] When the resin is a water-soluble resin, the resin preferably exhibits a water-solubility of 0.1 g or more to 25 
°C water, more preferably 0.3 g or more to water, and particularly more preferably 0.5g or more to water. 
[0032] Examples of the water-soluble resins include polyvinyl alcohol, polyvinyl acetal, polyvinyl acetate, polyacrylic 
acid, polyvinyl pyrrolidone; polyethylene imine, polyethylene oxide, styrene-maleic acid copolymer, polyvinyl amine, 

15 polyary!amine : oxazoline group-containing water-soluble resin, water-soluble melamine resin, water-soluble urea resin, 
alkyd resin, sulfonamide resin, and the like. 

[0033] When the resin Is an alkali-soluble, the alkali-soluble resin preferably exhibits an alkali-solubility of 0.1 g or 
more to 25°C 2.38% by mass tetramethylammonium hydroxide (TMAH) aqueous solution, more preferably, the 0.3g 
or more lo the TM AH, and particularly preferably 0.5g or more to the TMAH. 

20 [0034] Examples of the alkali-soluble resin include a novolac resin, a vinylpheny! resin, polyacryl acid, polymethaacryl 
acid, poly p-hydroxypheny!acrylate, poly p-hydroxyphenylmeth aery late, copolymers thereof, and the like. 
[0035] Of these, the polyvinyl alcohol, polyvinyl acetal and polyvinyl acetate are preferably used. In the present 
invention, the resin preferably contains the polyvinyl acetal, and more preferably contains 5% by mass to 40 % by 
mass of the polyvinyl acetal because the solubility is easily changeable by crosslinking. 

25 [0036] In the present invention, in a case of the resist pattern thickening material relating to the first embodiment, 
the resin may contain a cyclic structure at a part. The resist pattern thickening material relating to the second embod- 
iment consists essentially of a resin which has the cyclic structure at a part of the resin, and may further contain the 
resin. Examples of the cyclic structure are not particularly limited, and are preferably selected according to the purpose. 
The examples may be selected from an aromatic compound, an alicyclic compound, and a heterocyclic compound. 

30 [0037] Examples of the an aromatic compound include a multivalent phenol compound, a polyphenol compound, an 
aromatic polyphenol compound, an aromatic carboxylic add compound, a perhydroxy naphthalene compound, a ben- 
zophenone compound, a flavonoid compound, a porphjne, a water-soluble phenoxy resin, an aromatic-containing wa- 
ter-soluble pigment, derivatives and glycosides thereof, and the like. These may be used either alone or in combination 
of two or more. 

35 [0038] Examples of the multivalent phenol compound include resorcin, resorcin[4]arene, pyrogallol, gallic acid, de- 
rivatives and glycosides thereof , and the like. 

[0039] Examples of the polyphenol compound and derivatives thereof include catechin, anthocyanidin (pelargonidine . 
type (4'-hydroxy), cyanidin type (3'/4'-dihydroxy), delphinidin type (3', 4', S'-trihydroxy), fiavane-3 f 4-diol, proantocyani- 
din, derivatives and glycosides thereof, and the like. 
40 [0040] Examples of the aromatic carboxylic acid compound and derivatives thereof include salicylic acid, phthalic 
acid, dihydroxybenzoic acid, tannin, derivatives and glycosides thereof, and the like. 

[0041] Examples of the perhydroxy naphthalene compound and derivatives thereof include naphthalene diol, naph- 
thalene triol, derivatives. and glycosides thereof, and the like, 

[0042] Examples of the benzophenone compound and derivative thereof include alizarin yellow A, derivatives and 
45 glycosides thereof, and the like. 

[0043] Examples of the flavonoid compound and derivatives thereof include flavone, isoflavone, flavanol, flavonone, 

flavonol, flavan-3-ol, aurone, chalcone. dihydrochalcone, quercetin, derivatives or glycosides thereof, and the like. 

[0044] Examples of the alicyclic compound include polycycloalkane. cycloalkane, a condensed ring, derivatives and 

glycosides thereof, and the like. These may be used either alone or in combination of two or more. 
^o [0045] Example of the polycycloalkane include norbornane, adamantane, norpinane, sterane, and the like. 

[0046] Examples of the cycloalkane include cyclopentane, cyclohexane, and the like. 

[0047] Examples of the condensed ring include steroid, and the like. 

[0048] Suitable examples of the heterocyclic compound include a nitrogen contained cyclic compound such as pyr- 
rolidine, pyridine, imidazole, oxazole, morphorine, pyrrolidone, and the like; a oxygen contained cyclic compound such 
55 as furan, pyran, polysaccharide including, pentose, hexose, and the like. 

[0049] Among the resins and the resins which has a cyclic structure at a part, a preferable resin or a resin which has 
a cyclic structure at part has two or more of polar groups, from the view points that the resin is excellent in at least 
either a water-solubility or an alkali-solubility. 
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[0050] Examples of the polar groups are not particularly limited, and can be selected according to purposes Suitable 
examples include a hydroxy group, a cyano group, an alkoxyl group, a carboxyl group, a carbonyl group, an amino 
group, an am.de group, an alkoxycarbonyl group, a hydroxyalkyl group, a sulfonyl group, an hydride group a lactone 
group, a cyanate group, an isocyanate group, a ketone group, and the like. Of those polar groups, more suitable 

SUE £ 3 y ? 9 l° UP - 3 Cart5 ° Xyl 9r0UP " 3 Cafb0ny ' 9roUp - an amino 9 rou P' a sulfon y' Sroup, and the like. 

[0051] When the res.n has the compound having a cyclic structure at a part, the rest of the part of the cyclic structure 
can be selected according to the purpose, as long as it may be either water-soluble or alkali-soluble. Examples include 
a water-soluble res.n such as polyvinyl alcohol, polyviniylacetal. and the like; an alkali resin such as novolac resin a 
vinylphenyl resin and the like. * a 

[0052] When the resin has the cyclic structure at a part of it, a mol content of the cyclic structure is not particularly 

Tnr e l^°T .of t8d fr ° m accordin 9 t0 P ur P° se - « the resin requires high etching resistance, the mol content 
is preferable 5 mol% or more, more preferably. 10 mol% or more. 

[0053] The mol content can be measured by using, for example, NMR, and the like 

n°°m!L lit C0 T f * the "* in in tne resist P attem thickening material may be properly determined according to the 
purpose. Although .t vanes depending on the type, the content of the crosslinking agent, the compound having a cyclic 
structure, and the surfactant can be selected according to the purpose. ■ ^ 

- Crosslinking Agent - 

[0055] The crosslinking agent is not particularly limited, arid any one can be properly selected according to purposes 
T ° r 3n f ali " S ° IUble crosslinkin 9 a 9 ent is preferred. Those cross-linkable by heat or acid is also pref-' 
erable Suitable examples include an amino type crosslinking agent and the like 

[0056] Suitable examples of the amino type crosslinking agent include a melamine derivative, a urea derivative an 
unl derivative and the like. These may be used individually or in combination; 

[0057] Examples of the urea derivative include urea, alkoxy methylene urea. N-alkoxy methylene urea, ethylene 
urea, ethylene urea carboxylic acid, derivatives thereof, and the like. . 
Inntll ! xarn P |es of the melamine derivative include alkoxymethyl melamine, derivatives thereof, and the like 
™f «! ^ amples of the uril derivative include benzoguanamine. glycouril, derivatives thereof, and the like 
[0060] The content of the crosslinking agent in the resist pattem thickening material may be property determined 
according to purposes although it varies depending on the type, content and the like, the resin which has the compound 
having a cyclic structure and the surfactant cannot be indiscriminately regulated. 

- Compound having a cyclic structure - 

[0061] Examples of the compound having a cyclic structure may be either a compound or a resin. More preferably 
those resms or compounds may be either water-soluble or alkali-soluble. Since the resist pattern thickening material 
of the present .nvent.on conta.ns the compound having a cyclic structure, it is possible to remarkably improve the 
etching resistance of the resist pattem. . ' r ' 

K!?? f iy h 0 *. com P ound havin 9 a cyclic structure is water-soluble, the preferable water-solubility is 0.1 g or more to 

c 11 an T er i T e T ef t? b,y 0 3 9 ° r m ° re t0 100 9 of 25 ° C wat er. Preferably 0.5g or more to 100 g of 25 
C water and particularly preferably 1 .0g or more to 1 00 g of 25 °C water 

[0063] When the compound having a cyclic structure is alkali-soluble, the preferable alkali-solubility is 0 1 g or more 

nsiJSo? ? 2 ?rt] MM SOlUti0n ' m ° re P referab| y 0 3 9 °r more to I00g of 25 'C 2.38% TMAH solution, and 
particularly preferably 0.5g or more to 100g of 25 °C 2.38% TMAH solution 

[0064] Examples of the compound having a cyclic structure include the aromatic compound, the alicyclic compound 
hSiSTS? 0 COmpound ' and ,he like " The 8P«*lc examples for those compounds are shown in the above * 
[0065] O those compounds having a cyclic structure, the compound having a cyclic structure has preferably 2 or 
more of polar groups, more preferably 3 or more of polar groups, and particularty preferably 4 or more of polar groups 
from the viewpoint that the compound is excellent either in water-solubility or in alkali-solubility. ' 
Thepolargroupisnotparticulariylimhed.andanypolargmupcanbepropertyselectedaccordingtopurposes including 

™ y ,n r ° Xy T UP ' 9,DUP ' a " a,k0Xy 9r0UP ' 3 ° a * 0Xyl 9r0Up ' a carbon y' 9roup. an amino group, an amide 

group, an alkoxycarbonyl group, a hydroxyalkyl group, a sulfonyl group, a hydride group, a lactone group, a cyanate 
group, an isocyanate group, a ketone group, and the like. Of these, the suitable examples include a hydroxy, group a 
carboxyl group, a carbonyl group, an amino group, a sulfonyl group. 

5 r ^ h , e " t^ compound having a cyclic structure is a resin, a mol content of the compound having a cyclic 
structure to the resin is not particularly limited, and can be suitably selected according to the purposes If the resin 
requires high etching resistance, the content is preferably 5 mol% or more, more preferably 1 0 mol% or more The mol 
content can be measured by NMR. and the like. mo ' 
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[0067] The content of the a compound having a cyclic structure in the resist pattern thickening material may be 
properly determined according to the types and the content of the resin, the crosslinking agent, the surfactant, and the 
like. 

5 - Surfactant - 

[0068] The surfactant can be suitably used when the affinity of the resist pattern thickening material with the resist 
pattern (for instance, an ArF resist pattern) to be applied to the resist pattern thickening material is insufficient. When 
the surfactant is contained in the resist pattern thickening material, the resist pattern can be efficiently thickened in the 
10 state excellent in in-plane uniformity to efficiently and uniformly form a fine pattern, and the foaming of the resist pattern 
thickening material can be also effectively suppressed. 

[0069] The surfactant is not particularly limited, and any one can be properly selected according to purposes, includ- 
ing a non-ionic surfactant, a cationic surfactant, an anionic surfactant, an ampholytic surfactant, a silicone type sur- 
factant and the like. These can be used either alone or in combination of two or more Of these, the non-ionic surfactant 

'5 is preferable because it has a structure containing no metal ion. 

[0070] The non-ionic surfactant is not particularly limited, and can be selected according to the purposes. A specific 
example of the non-ionic surfactant is selected from an alkoxylate surfactant, a fatty acid ester surfactant, an amide 
surfactant, an alcohol surfactant, and an ethylenediamine surfactant. The specific examples of those surfactants include 
a polyoxyethylene-polyoxypropylene'condensed compound, a polyoxyalkylene alkyl ether compound, a polyoxyelhyl- 

20 ene alkyl ether compound, a polyoxyethyjene derivative compound, a sorbitan fatty acid ester compound, a glycerin 
fatty acid ester compound, a primary alcohol ethoxylate compound, a phenol ethoxylate compound, a nonylpheno- 
lethoxylate type, an octylphenolethoxyiate type, a lauryl alcohol ethoxylate type, an oley! alcohol ethoxylate type, a 
fatty acid type, an amide type, a natural alcohol type, an ethylenediamine type, a secondary alcoholethoxylate type, 
and the like. 

25 [0071 ] The cationic surfactant is not particularly limited, and can be selected according to the purposes. The examples 
include an alkylcatipnic surfactant, an amide type quaternary cationic surfactant, ester type quaternary cationic sur- 
factant, and the like. 

[0072] The ampholytic surfactant is not particularly limited and can be selected according to the purposes. The ex- 
amples include an amine oxide surfactant, and a betaine surfactant, and the like. 
.30 [0073] The content of the surfactant in the resist pattern thickening material may be properly determined according 
to purposes, although it varies depending on the type, content, and the like . of the above resin, crosslinking agent, 
compound having a cyclic structure and the like and cannot be indiscriminately regulated. 



35 



- Organic Solvent - 



[0074] The organic solvent can improve the solubility of the above resin, crosslinking agent, the compound having 
a cyclic structure, and the resin which has the cyclic structure at a part in the resist pattern thickening material by being 
included in the resist pattern thickening material. 

[0075] The organic solvent is not particularly limited, and any one can be properly selected according to purposes, 
40 including an alcoholic organic solvent, a chain ester organic solvent, a cyclic ester organic solvent, a ketone organic 
solvent, a chain ether organic solvent, a cyclic ether organic solvent and the like. 

[0076]. Examples of the alcoholic organic solvent include methanol, ethanol, propyl alcohol, isopropyl alcohol, butyl 
alcohol, and the like. . 

[0077] Examples of the chain ester organic solvent include ethyl lactate, propylene glycol methyl ether acetate (PG- 
45 MEA), etc 

[0078] Examples of the cyclic ester organic solvent Include a lactone type such as y-butyrolactone, etc. 

[0079] Examples of the ketone organic solvent include a ketone type such as acetone, cyclohexanone, heplanone, 

etc. 

[0080] Examples of the chain ether organic solvent include ethylene glycol dimethyl ether, etc. 
so [0081] Examples of the cyclic ether include tetrahydrofuran, dioxane, etc. 

[0082] These organic solvents may be used individually or in combinational Of these, a one having a boiling point 
of about 80°C to 200 °C is preferably used because the thickening can be finely performed. 

[0083] The content of the organic solvent in the resist pattern thickening material may be properly determined ac- 
cording to purposes although it is varied depending on the kind, content and the like of the above resin, crosslinking 
55 agent, the compound having a cyclic structure , and surfactant and cannot be indiscriminately regulated. 
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- Other Components - 



andllnv oT^Z°nT T Pa H rticular,y ,imited as lon 9 as »ey do not impair the effect of the present invention 
5 !£ m 7 ■ T . P P6r,y S6leCted accordi "9 t° purposes, including known additives of all types The suitable 
exarnp.es include a thermal add generator, a quencher represented by amine type, amide type, a^onil safand 

ESS-JlT C ° ntent ^IH* ot u hercom P° nents ^ the resist pattern thickening material may be property determined 
ITZZ pUrp0Se H Salthou 9 h il is varied depending on the kind, content and the like of the above resin croiZkinq 
» rSti P ° U 3 CydiC StmCtUre ' SUrfaCtant - ° r9aniC SOlVent and the ,ike and cannot be Indis'nmSely 

- Use or the like - 

is SS l herSSiSt Pattern thicke ™9 material of the present invention can be used by applying onto the resistoattern 
[0087] Dunng applying, the surfactant may be separately applied prior to the app.Lflon , of th ^ resist Sm S 
en,ng matenal without being included in the resist pattern thickening material P 
[0088] When the resist pattern thickening material is applied onto the resist pattern to be thickened the resist oattern 
is thickened and thus the thickening resist pattern is formed uwawneu, me resist pattern 

SSS^f r t,em lhUS f0nT,ed by lhickemn 3 resisl Pattern has a shorter diameter of a hole pattern and a shorter 

.^«f^ 

formed. In do,ng so. a pattern formed by the resist pattern has as fine pattern as the one patterned byTeCon 

[0090] Thickened parts of the resist pattern can be controlled to a desired range, according to a viscositv a thickness 
of the applied matenal. a baking temperature, a baking time, and the like of the resist pJ^n^s^ 

- Material for Resist Pattern (Resist pattern to be thickened) - 

b?pZen"v^ Pattern t0 be thiCk6ned) is not Particularly limited, and any one can 

Ln! ? I t from known resist materials according to purposes, which may be of negative type and oositive 
KiTS* achem,C f l,y am P ,ified resist material represented by a g-line resist, an Mine reX KrF resist an 
resist, an F2 : resist, an electron beam resist, and the like, all of which can be patterned by g-line le a KrJ excimI 

Lmn«f an t , eXC ' mer ,aS6r " ^ F2 6XCimer ' aSer ' an electron beam - the like. Those ma 'be ewirTeSS- 
[0092] Examples of the resist pattern material include a novolac resist a PH<5 r^ict *n o^,. r~ , , <• 

TtetZ°'"'',T' M dePena ' ng °" ** """^ "»«>' "> »•»»*•*,., ching odnditotZS me 
[0095] As shown In Fig. 1 A, a resist pattern (resisl pattern to be thickened) 3 Is formed on a substrata (base material! 

pa a =,rz^ 

[0096] Thereafter, a developing processing la p.rtormed ae shorn, In Fig. 1 c, thereby the oart which I. nor mi™* 

r;re^ 

K T£ S nl^^T 9 bS Wa,Sr davelopment or a development with alkali developer. 
[0098] The resist pattern 1 0 comprises a surface .ayer 1 0a formed by mixing (penetrating) and crosslink^ the resist 
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pattern thickening material 1 on the surface of a resist pattern to be thickened 10b. Since the a resist pattern 10 is 
thickened to the extend of thickness portion of the surface layer 10a, compared with the resist pattern (resist pattern 
to be thickened) 3, the pitch of the pattern formed by the resist pattern 1 0 is shorter than that of the pattern formed by 
the resist pattern 3, and the pattern formed by the resist pattern 10 is fine. This allows for forming a finer pattern 
5 exceeding a exposure limit of an optical source of an exposure device A pattern formed by the resist pattern 1 0 is finer 
than a pattern formed by the resist pattern 3. 

[0099] The surface layer 10a in the resist pattern 10 is formed of the resist pattern thickening material 1 which 
comprises either the compound having a cyclic structure or the resin which has the cyclic structure at a part, hence 
the resist pattern thickening material 1 is remarkably excellent in etching resistance. Therefore, even if the resist pattern 
*0 to be thickened 3 is formed of a material inferior in etching resistance, the resist pattern 10 having the surface layer 
10a excellent in etching resistance on the surface is thus remarkably excellent in etching resistance. 

- Use - 

15 [0100] The resist pattern thickening material of the present invention can be suitably used for thickening a resist 
pattern, and fining a pattern, exceeding an exposure limit. The resist pattern thickening material can be further suitably 
used for the thickening of the resist pattern to be thickened and particularly suitably used for the resist pattern and 
forming process thereof of the present invention and the semiconductor device and manufacturing process thereof of 
the present invention. 

20 [0101] The resist pattern thickening material of the present invention contains either the compound having a cyclic 
structure or the resin which has the cyclic structure at a part. Therefore, the resist pattern thickening material is suitable 
for prasma s and the like, is also suitable for applying and thickening a pattern formed of a resin that requires an im- 
provement of etching resistance of a surface. The resist pattern thickening material can be more suitably used especially 
when the material for the resist pattern to be thickened does not include the compound having a cyclic structure or the 

25 resin which has the cyclic structure at a part. 

(Resist Pattern) 

[0102] The resist pattern of the present invention comprises an surface layer on a resist pattern to be thickened. 
30 [0103] The surface layer is preferably excellent in etching resistance, and its etching rate (nm/s) is preferably small, 
compared with the resist pattern to be thickened. Concretely, the ratio (resist pattern /surface layer) in etching rate 
(nm/s) of the resist pattern to be thickened to the surface layer is preferably 1 ,1 or more, more preferably 1 .2 or more, 
and particularly preferably 1 .3 or more. 

[01 04] The etching rate (nm/s) can be measured, for example, by performing an etching processing for a prescribed 
35 time by use of a known etching device to measure the film reducing amount of a sample and calculating the film reducing 
amount per unit time. 

[01 05] The surface layer preferably contains the compound having a cyclic structure or the resin which has a cyclic 
structure at least at a part, and can be suitably formed by use of the resist pattern thickening material of the present 
invention. 

40 [0106] Whether or not the surface layer contains the compound having a cyclic structure or the resin which has a 
cyclic structure at least at a part can be confirmed, for -example, by analyzing the IR or UV absorption spectrum for 
this surface layer 

[0107] The resist pattern may contain at least one of the compound having a cyclic structure and the resin which 
has a cyclic structure at least at a part. This embodiment is also preferred from the viewpoint of converting a resist 

is pattern to be thickened. 

[0108] The resist pattern of the present invention may have a structure having a clear boundary between the resist, 
pattern to be thickened and the surface layer or an unclear boundary. In the former structure, the content of the com- 
pound having a cyclic structure and the resin which has a cyclic structure at least at a part is generally discontinuously 
reduced from the surface layer to the inner part, and in the latter structure, the content of the compound having a cyclic 

50 structure and the resin which has a cyclic structure at least at a part is generally gradually reduced from the surface 
layer to the inner part. 

[0109] The resist pattern of the present invention can be suitably formed according to the process for forming the 
resist pattern of the present invention described below. 

[0110] The resist pattern of the present invention can be suitably used for a functional part such as mask pattern, 
55 reticle pattern, magnetic head, LCD (liquid crystal display), PDP (plasma display panel), SAW filter (surface acoustic 
wave filter), and the like.; an optical part used for correction of optical wiring; a micro part such as micro actuator, and 
the like; a semiconductor device and the like, and suitably used for the semiconductor device of the present invention 
described later. 
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(Process for forming a resist pattern) 

PrOCeSS f ° r l 0 ™'" 9 ^ reS ' St Pattem of the present invention comprises a step for applying a resist 
pattern to beTh'ickenet " " * * " * prttom to b * thickened °' * he « 

[01 12] The materials for the resist pattern to be thickened include those described above for the resist pattern thick- 
en ng material of the present invention. One of the preferable example is an ArF resist 
S!3 J! Vl* r6SiSt Pattem 10 be thickened can b e formed according to a known process. 

llllt LLh* r *? be thickened can be formed °f ^ underlying layer (base material). The underlying layer 

(base matenaj i is not particularly limited, and any one can be properly selected according to purposes. When the S 

v p a a r s ore ess rr riiy fo ™ d on a semiconductor devi - the ~ °™* *-«EJ5 

SVhl f Ppli , cati0n process for tne resist P atte rn thickening material is not particularly limited, and any process 

T * 86 fr ° m kn ° Wn aPPfcati ° n pr ° Cesses a<?cordin 9 10 P Uf P° ses suitably including «S,3S23 
mm « i condition for the spin coating, for example, the cyde is set to about 1 00 rpm to 1 0000 rpm p^eferS £ 

s; 5 T e r C kne S r 0 e f r ting ; im H is set to about 1 second to 10 minutes - prefe ^ 1 » •ESS™ 

nnrfni/ <tf the applied material during the application is ordinarily around 10nm to 1000nm (100A to 

1 0OO0A), more preferably 50nm to 500nm (500A to 5000A). V 
[01 17] In the application, the surfactant may be separately applied prior to the application of the resist pattern thick 
en.ng material without being included in the resist pattern thickening material P 
[0118] The applied resist pattern thickening material is preferably pre-baked (heated and dried) in or after the appli- 
C TL T US V ^ (penetration > °' the resist Pattern thickening material into the resist pattem oTthfckenJd 
material * " ^ I""*" betW6en ^ ^ Patt6m to be thickened and the ^* Pattern .Sening 

^ T^siltoZT^ZlT th H S ' ike ° f Pre " bakin9 (heati " 9 and dryin9) are " 0t Particulaf, y W*- » «ong 
as a res st pattern is not softened, and any one can be properly selected according to purposes For example the 

temperature ,s set to about 40°C to 120 -c, preferably 70»C to 100 <>C, and the time is set te about 10 seconds to 5 
minutes, preferably 40 seconds to 100 seconds. seconds to t> 

nprfni J1 e t Cro tH S,inkin ^ t akin9 (crosslinkin 9 reactio ") of applied resist pattem thickening material is preferably 
performed after the pre-bakmg (heating and drying) because the crosslinking reaction of the mixed (penetrated) part 
can^entty progressed in the interface be^ 

«n!f»L C ° nditi0n ' process andthe like of the crosslinking baking (crosslinking reaction) are not particularly limited 
and any one can be properly selected according to purposes. Generally, a temperature condition hfghe^man thTpre 

th SUSS T r 9 L' S ad3Pted - F ° r C ° nditi0n ° f thS baking (crosslinking eaction for eJlmp e 

L m n,T f ,S k? 1° ab ° Ut 7 °° C 10 150 ° C ' Preferably 90 ° Cto 130 ° C - and the li ™ is set to about 10 seconds to 
5 minutes, preferably 40 seconds to 100 seconds. seconasio 

[0122] The step for developing the applied resist pattern thickening material is preferably performed after the 
crosshnkmg bak,ng (crosslinking reaction). In this case, the part not crosslinked with the resist pattern toTe thtLed 
and the part weakly crosshnked (mixed) therewith (highly water-soluble part) of the applied resist pattern £Z 

rctned^ate ^ rem ° Ved * (t ° 0btain) *" ^ ° f ""the 

[01 23] The step for developing is the same as described above 
45 d°raw?ngs The PrOC6SS ^ ^ ° f PreSent inVe " tion is then described below '« reference to the 

[0125] A resist material 3a is applied onto a substrate (base material) 5 as shown in Fig. 2A and then patterned as 
shown ,n F,g. 2B to form a resist pattern (resist pattern to be thickened) 3. A resist pattL ^tokening SeriaM 
applied onto the surface of the resist pattern to be thickened 3, and pre-baked (heated and 1^Z,7S? II J 
The m.x.ng pene rat.on) of the resist pattern thickening material 1 into the resist pattern (resist pattern thtekenS 
maTeriafT ** ^ ^ te be thickened > 3 and resist pIESSZj 

[01 2G] When a crosslinking baking (crosslinking reaction) is preformed at a temperature higher than in the pre-bakina 

22?. T ZT^ " 2D> thS miXed (P enetrated ) 'ay-is crosslinked in the interface between h >2 st 

pattem to be thickened 3 and the resist pattern thickening material 1 . Thereafter, a step for develo P in g rperfomnTd 
« as shown ,n F,g^ 2E whereby the part not mixed with the resist pattem (resist pattern to be thickeners an ^theTart 
weakly crosslinked therewith (highly water-soluble part) of the applied resist pattern thickening material 1 1 JssZT* 
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[0127] The step for developing may be water development or a development with an alkali aqueous solution. The 
water development is preferable because the step for developing can be efficiently performed at a low cost. 
[01 28] The resist pattern 1 0 comprises the surface layer 1 0a formed by mixing the resist pattern thickening material 
1 onto the resist pattern to be thickened 3 on the surface of the resist pattern to be thickened 10b (the resist pattern 
5 to be thickened 3). Since the resist pattern 10 is thickened by the thickness portion of the surface layer 10a, compared 
with the resist pattern to be thickened 3 (resist pattern 10b), the pitch of the pattern formed by the resist pattern 10 is 
smaller than that of the pattern formed by the resist pattern to be thickened 3 (the interlayer resist pattern 1 0b), and a 
pattern formed by the resist pattern 1 0 is fine. 

[0129] The surface layer 10a in the resist pattern 10 is formed of the resist pattern thickening material 1 . The resist 
10 pattern thickening material 1 is excellent in etching resistance since it contains one of the compound having a cyclic 
structure and the resin which has the cyclic structures Therefore, even if the resist pattern to be thickened 3(interlayer 
resist pattern 10b) is formed of a material inferior in etching material, the resist pattern 10 having the surface layer 10a 
excellent in etching resistance can be formed. 

[01 30] The resist pattern 1 0 may have a either clear or unclear border between the interlayer resist pattern 1 0b and 
15 the surface layer 1 0a. 

[0131] The resist pattern formed according to the process for forming the resist pattern of the present invention is 
the resist pattern of the present Invention. This resist pattern comprises the surface layer formed by mixing the resist 
pattern thickening material of the present invention onto the resist pattern to be thickened on the surface of the resist 
paLlern lo be thickened. Therefore, even if the resist pattern lo be Ihickened is formed of a material inferior in etching 

20 resistance, the resist pattern having the surface layer excellent in etching resistance on the surface of the resist pattern 
to be thickened can be efficiently formed according to the forming process for resist pattern of the present invention, 
because the resist pattern thickening material contains at least one of the compound having a cyclic structure and the 
resin which has the cyclic structure at a part. The resist pattern formed according to the forming process for resist 
pattern of the present invention is thickened by the thickness portion of the surface layer, compared with the resist 

25 pattern to be thickened, the pitch of the pattern formed by the formed resist pattern is smaller than that of the pattern 
formed by the resist pattern to be thickened prior to thickening. According to the forming process for resist pattern of 
the present invention, a fine pattern can be thus efficiently formed. 

[0132] The resist pattern formed according to the forming process for resist pattern of the present invention can be 
suitably used for a functional part such as mask pattern, reticle pattern, magnetic head, LCD (liquid crystal display), 
30 PDP (plasma display panel), SAW filter (surface acoustic wave filter), and the like; an optical part used for connection 
of wiring by light; a micro part such as micro actuator, etc.; a semiconductor device; and the like, and also suitably 
used for the semiconductor device and the process for manufacturing the same of the present invention described 
below. 

35 (Semiconductor Device and Process for manufacturing a semiconductor device) 

[0133] The semiconductor device of the present invention is not particularly limited except having a pattern formed, 
of the above-described resist pattern of the present invention, and comprises known members properly selected ac- 
cording to purposes. 

40 [0134] Concrete examples of the semiconductor device of the present invention suitably include flash memory, 
DRAM, FRAM and the like. 

[0135] The semiconductor device of the present invention can be suitably formed according the process for manu- 
facturing a semiconductor device of the present invention described below. 

[01 36] The process for manufacturing a semiconductor device of the present invention comprises a step for forming 
45 a resist pattern to be thickened and a step for patterning, and further comprises other processes properly selected as 
occasion demands. 

[0137] The step for forming a resist pattern comprises a step for forming a resist pattern by applying a resist pattern 
thickening material to cover a surface of a resist pattern to be thickened to thicken the resist pattern to be thickened 
to form the resist pattern, after forming the resist pattern to be thickened on a substrate (underlying layer). Examples 
so of the substrate (the underlying layers) include surface layers for all kinds of members in semiconductor devices, and 
a substrate such as silicon wafer and surface layer thereof are suitably used.. The resist pattern to be thickened is the 
same as described above. The application process is also the same as described above. After the application, the 
above-mentioned pre-baking, crosslinking baking and the like are preferably performed. 

[0138] The step for patterning comprises patterning the substrate (underlying layer) by performing an etching using 
55 the resist pattern (as a mask pattern) formed in the step for forming the resist pattern. 

[0139] The etching process is not particularly limited, and any process can be properly selected from known proc- 
esses according to purposes, suitably including dry etching and the like. The condition of the etching is not particularly 
limited, and any one can be properly selected according to purposes. 
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[0140] Suitable examples of the other processes include a step for applying surfactant, a step for developing and 
the like. r 3 

[0141] The step for applying surfactant comprises applying the surfactant to the surface of the resist pattern to be 
thickened prior to the step for forming a resist pattern. 

[0142] The surfactant can be selected according to the purpose. The examples include those same as described 
above, and more surtabiy, a polyoxyethylene-polyoxypropylene condensed compound, a polyoxyalkylene alkyl ether 
compound, a polyoxyethylene alkyl ether compound, a polyoxyethylene derivative compound, a sorbitan fatty acid 
ester compound, a glycerin fatty acid ester compound, a primary alcohol ethoxylate compound, a phenol ethoxylate 
compound, nonylphenolethoxylate type, an octylphenolethoxylate type, a lauryl alcohol ethoxylate type, an oleyl alcohol 
e hoxy ate type, a fatty acid ester type, an amide type, a natural alcohol type, an ethylenediamine type, a secondary 
alcohol ethoxylate type, an alkylcationic type, an amide type quaternary cationic type, an ester type quaternary cationic 
type, an amine oxide type, a betaine type, and the like. 

[0143] The step for developing comprises performing the step for developing of the applied resist pattern thickeninq 
aTdescrtoedabove *" P 3 " 6 ™" 9 ^ the Step f ° r forming a resist P attern - The ste P tor developing is the same 
[0144] According to the process for manufacturing a semiconductor device of the present invention for example 
semiconductor devices of all sorts including flash memory, DRAM. FRAM and the like can be efficiently manufactured.* 

[Example] 

f 01 ? 5 ! u E T mP ' eS ° f tHe preSent invention are more concretely described below, but the present invention is never 
limited by these examples. 
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(Example 1) 

- Preparation of Resist Pattern Thickening Material - 

[01461 Resist pattern thickening materials 1A-1J according to the present invention having compositions shown in 
2 - "ZZ Prepared - Tab ' e 1 ' thG " nit ° f the numeric in P^entheses represents a part by mass. In the column of 

Hesin . KW3 represents a polyvinyl acetal resin (manufactured by SEKISUI CHEMICAL Co Ltd ) and "PVA" shows 
a polyvinyl alcohol resin (manufactured by KU RARAY Co., Ltd, Poval 1 1 7). In the column of "Crosslinking agent" "Uril" 
represents tetramethoxym ethyl glycoluril, "Urea" represents N. N'-dimethoxymethyl dimethoxyethyleneurea and 

Melam.ne represents hexamethoxymethylmelamine. In the column of "Surfactant", "TN-80" represents a non-ionic 
surfactant (manufactured by AS AH I DENKA Co., Ltd., a primary alcohol ethoxylate type surfactant), "PC-6" represents 
a non-.on.c surfactant (AS AH I DENKA Co., Ltd., a special phenol ethoxylate type surfactant), "PC-B" represents a non- 

^SS^ftSSS^ Ltd - a special pheno1 ethoxy,a,e surfactant) - " PC - 12 " re P resetits a non - ionic 

surfactant (ASAHI DENKA Co., Ltd., a special phenol ethoxylate type surfactant). As the main solvent component 
except the above resins, crosslinking agents, and compounds which contains a circular structure, a mixture of pure 
water (de.omzed water) and isopropyl alcohol (mass ratio of pure water (deionized water) to isopropyl alcohol = 98 6- 
0.4) was used. r " ««.u. 



Table 1 





Resin 


Crosslinking agent 


Compound having a cyclic structure 


Surfactant 


1A 


KW-3(16) 


Uril (1.16) 


Catechin (5) 


None 


1B 


KW-3(16) 


Urea (1.16) 


Catechin (5) 


None 


1C 


KW-3(16) PVA(3) 


Melamine (0.8) 


Catechin (5) 


None 


1D 


KW-3(16) 


Uril (1.16) 


Catechin (5) 


TN-80(0.25) 


1E 


KW-3(16) 


Urea (1.16) 


Catechin (5) 


PC-8(0.25) 


1F 


KW-3(16) PVA(3) 


Melamine (0.8) 


Catechin (5) 


PC- 12(0.25) 


1G 


KW-3(16) 


Uril (1.16) 


Delphinidin (5) 


None 


1H 


KW-3(16) 


Uril (1.16) 


resorcin(5) 


TN-80(0.25) 


11 


KW-3(16) 


Urea (1.16) 


1 ,3-naphthalene diol (5) 


PC-8(0.25) 


1J 


KW-3(16) 


Uril (1.16) 


4-hydroxyadamantane-2-carboxylic acid (0.8) 


PC-6(0.25) 
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- Resist Pattern and Formed Thereof - 

[0147] Each of the thus-prepared resist pattern thickening materials 1 A-1 J were applied to a hole pattern formed by 
the ArF resist (manufactured by SUMITOMO CHEMICAL Co., Ltd., PAR700 an alicyclic resist) by spin coating first in 
5 a condition of 1000 rpm/5s and then in a condition of 3500 rpm/40s, and subjected to pre-baking in a condition of 85 
°C/70s and further to crosslinking baking in a condition of 110 °C/70s. The resulting resist pattern thickening materials 
1 A-1 J were then rinsed with pure water (deionized water) for 60 sec to remove the non-crosslinked part, and the resist 
patterns thickened by the resist pattern thickening materials 1 A-1 J were developed, whereby the resist patterns were 
formed. 

10 [01 48] The sizes of the hole patterns formed by the resist patterns (the sizes of the hole patterns formed by the resist 
patterns after thickening the resist patterns) were shown in Table 2 as well as the initial pattern sizes (the sizes of the 
hole patterns formed by the resist patterns to be thickened). In Table 2, "1A"-"1J" correspond to the resist pattern 
thickening materials 1A-1J, respectively. 

15 Table 2 





Initial pattern size (nm) 


Pattern size after thickening (nm) 


1A 


200.5 


175.2 


1B 


203.3 


181.2 


1C 


199.8 


180.0 


1D 


205.7 


154.4 


1E 


202.6 


171.7 


1F 


203.9 


160.3 


1G 


198.8 


171.1 


1H 


201.1 


148.7 


11 


200.8 


165.6 


1J 


202.6 


178.6 



[0149] Each of the thus-prepared resist pattern thickening materials 1 A-1 J were applied to a line & space pattern 
formed by the ArF resist (manufactured by SUMITOMO CHEMICAL Co., Ltd., PAR700) by spin coating first in a con- 
35 dition of 1000 rpm/5s and then in a condition of 3500 rpm/40s, and subjected to pre-baking in a condition of 85 °C / 
70s and further to crosslinking baking in a condition of 110 °C/70s. The resulting resist pattern thickening materials 
1 A-1 J were then rinsed with pure water (deionized water) for 60 sec to remove the non-crosslinked part, and the resist 
patterns thickened by the resist pattern thickening materials 1A-1J were developed, whereby the respective resist 
patterns were formed. 

40 [01 50] The sizes of the space patterns formed by the resist patterns (the sizes of the space patterns formed by the 
resist patterns after thickening the resist patterns) were shown in Table 3 as well as the initial pattern the sizes (the 
sizes of the space pattern formed by the resist patterns to be thickened), In Table 3, "1 A"- H 1 J M correspond to the resist 
pattern thickening materials 1A-1J, respectively. 



Table 3 



50 



55 





Initial pattern space size (nm) 


Pattern space size after thickening (nm) 


. 1A 


165.2 


135.2 


1B 


162.3 


143.8 


1C 


159.8 


137.7 


1D 


155.7 


116.9 


1E 


158.5 


128.8 


1F 


160.2 


123.0 


1G 


163.4 


125.4 


1H 


160.0 


121.1 
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10 



15 



20 



Tabic 3 (continued) 





Initial pattern space size (nm) 


Pattern space size after thickening (nm) 


11 


158.0 


120.5 


1J 


163.8 


138.1 



[0151] It .s apparent from the results of Tables 2 and 3 that the resist pattern thickening material of the present 

V° b ° th 3 h0 ' e P3ttern and 3 Mne & SpaCe pattem 10 thicken them The ^ Pattern thickening 
ZT> ?™ n ,k P L 6 f '2 Vent '° n Ca " makS thS inSlde diameter of ,he hole P attem narrow and when used for the 
?? P u m ' ma Width ° f 3 ' inear Pattem (tne space between resist P atte ™ forming the linear 
pattern) small and me when used for the fonmation of the linear pattem, and increase the area of an isolated pattern 
when used for the formation of the isolated pattern. H 

CI J . resist formed on a silicon substrate to form surface .ayers 0.5 pm thick thereon, respectively. 
These surface .ayers and the KrF resist (manufactured by SHIPLEY, UV-6) and a polymethyl methacrylate (PM MA) 

Lv S35Tl!lSS; . 'S^S ° f 3n < Para » el P'^ type R?E device, manufactured 

loun Jof 7 } condltlons ° f P P =200W. pros S ure=0.02T orr, CF 4 gas=1 00 seem, and the film reduction 

oT™ s g a r e o s f sr*ssr to ca,cu,ate the etchins rates> which were then reiative,y eva,uated °- - basis 



Table 4 



25 



30 



35 



40 



45 



50 



55 



Material name 


Etching rate 
(nm/s) 


Rate ratio 


UV-6 


62.7(627 A/s) 


1.00 


PMMA 


77.0 (770A/S) 


1.23 


1D 


60.0 (600A/S) 


0.96 


1H 


61.0 (610 A/s) 


0.97 


11 


59.0 (590A/S) 


0.94 


1J 


57.5(575A/s) 


0.92 



S IS nJil t PP T ^ reSUlt ° f Tab ' e 4 th3t the etChing resistance s °f the resist pattern thickening materials 

rn« 6 , P If,!" em, ° n are d0Se t0 the KrF resist and more remarkably excellent than the PMMA 

[0154] When the resist pattern thickening materials 1 A-1 J were applied onto the resist pattern to be thickened on a 

tot i'SSSSS 10 r 1 ?* °' 8 C ' ean r °° m ,0f 1 m ° nth aft6r eXP ° SUre ' the Sim " ar pattem thlcSng effec 3 
to in the immediate application after exposure can be obtained. ' 

[0155] It is supposed from this result that the resist pattern thickening material of the present invention thickens the 

resi* pattern to be thickened no, by using a crosslinking reaction by diffusion of acid asthe prior JSSESKS 

but depending on the compatibility with the resist pattern to be thickened. ' 

(Example 2) 

- Preparation of Resist Pattern Thickening Material- 

S RSSiSt pme ™ '"^ening materials 2A - 2M according ,o the present invention having compositions shown in 

^R e in" ""s^-^s ; 2 ^d "P the "? ° f ^ T** ParentheS6S "' pr - n, » * ^ by ™ SS the C0,U ™ ° f 
„uS 6 :! \ ' t HeSm J and " eS ' n 3 are s y" thesize d as shown hereinafter. In the column of "Crosslinking agent". 

■mITo!- tetrame h thox y me K thyl g| y coluril - " Urca " re P resen * N. N'-dimethoxymethyl dimethoxyethyleneurea and 
Melam.ne represents hexamethoxymethylmelamine. In the column of "Surfactant", "TN-80" represents a non- onic 
" manufactt.red by ASAHI DENKA Co.. Ltd. , a primary alcohol ethoxylate type surfactant)' As the main solve t 
2 n H I 6 f T, r" 18, Cr0SS,inkin 9 a 9 ents ' and surfac ^ agents and a mixture of pure water (deionized 

^Res i 3 "?,' p P ■ PV ^ 0h0 ' ^ rati ° ° f PUrS W3ter (dei0ni2ed water > 10 is °P ro Py' a '^h°' = 16:0.75) was used 
tured J K^NTO aSm? 50 ^" "Tl ^ Syn,hesized as show " he ™ a ^- Namely, ,0g of PVA 500 (manufac- 
n It « ? KAGAKU) was dissolved in 1 0Og of deionized water, 0.8 g of concentrated hydrochloride was added 

,n the deionized water, and then the deionized water was stirred at the temperature of 40°C for three hours 2 36 g of 
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p-resorcin aldehyde (manufactured by TOKYO KASEI KOGYO Co, Ltd.) was further added to the deionized water, and 
the deionized water was then stirred at the temperature of 40°C for six hours. After the temperature of the reacted 
solution was decreased to room temperature, 15 mass % of THAM (tetramethylammoniumhydroxide) was added to 
the deionized water to neutralize. The reacted solution was dripped into 2L ethanol to separate the resins from the 
5 reacted solution. The resins were filtered with a glass filter and were dried at 45°C under reduced pressure in vacuum 
baking oven for six hours. After repeating this process three times, an aimed polyvinyl p -resorcin acetal resin was 
synthesized. The yield was 6.8 g. The ratio of acetalization by NMR was 20.6 mol%. 

[0157] "Resin 2 H is "Polyvinyl-2, 3-dihydroxybenz acetal resin" synthesized as shown hereinafter. Namely, 3, 4-dihy- 
droxybenz acetal resin was synthesized by the same processes of "Resin 1" except replacing p - resorcin aldehyde 

10 with 2,3-dihydroxybenz aldehyde. The yield was 6.6g. The ratio of acetalization by NMR was 20.1 mol %. 

[0158] "Resin 3" is "polyvinyl p -resorcin acetal resin" synthesized as shown hereinafter. Namely, 10g of polyvinyl 
alcohol 500 (manufactured by KANTO KAGAKU) was dissolved in 100g of deionized water, 0.4 g of concentrated 
hydrochloride was added in the deionized water and then the deionized water was stirred at the temperature of 40°C 
for three hours. 0.5 g of p -resorcin aldehyde (manufactured by TOKYO KASEI KOGYO Co., Ltd.) was added to the 

15 deionized water, and the deionized water was then stirred at the temperature of 40°C for six hours. The temperature 
of the reacted solution was decreased to ambient temperature, 15 mass % of THAM (tetramethyllead ammonium hydro 
oxide) was added to the deionized water to neutralize. The reacted solution was dripped into 2L ethanol to separate 
the resins from the reacted solution The resins were filtered with a glass filter and were then dried under reduced 
pressure in a vacuum baking oven of 45°C for six hours. After repealing this process three times, an aimed polyvinyl 

20 p-resorcin acetal resin was synthesized. The yield was 4.1 g. The ratio of acetalization by NMR was 3.7 mol%. 



Table 5 



Lubricatin g material name 


Resin 


Crosslinking agent 


Surfactant agent 


2A 


Resin 1(1) 


Uril (0.5) 


None 


2B 


Resin 1(1) 


Urea (0.5) 


None 


2C 


Resin 1 (1) 


Melamine (0.25) 


None 


2D 


Resin 1 (1) 


Uril (0.5) 


TN-80(0.0025) 


2E 


Resin 1 (1) 


Urea (0.5) 


TN-80(0.0025) 


2F 


Resin 1 (1) 


Melamine (0.25) 


TN-80(0.0025) 


2G 


Resin 2 (1) 


Uril (0.5) 


None 


2H 


Resin 2 (1) 


Urea (0.5) 


None 


21 


Resin 2 (1) 


Melamine (0.25) 


None 


2J 


Resin 2 (1) 


Uril (0.5) 


TN-80(0.0025) 


2K 


Resin 2 (1) 


Urea (0.5) 


TN-80(0.0025) 


2L 


Resin 2 (1) 


Melamine (0.25) 


TN-80(0.0025) 


2M 


Resin 3 (1) 


Uril (0.5) 


None 



- Resist Pattern and Formed Thereof - 

45 

[01 59] Each of the thus-prepared resist pattern thickening materials 2A - to 2L were applied to a hole pattern formed 
of the ArF resist (manufactured by SUMITOMO CHEMICAL Co., Ltd., PAR700 an alicyciic resist) by spin coating first 
in a condition of 1000 rpm/5s and then in a condition of 3500 rpm/40s, and subjected to pre-baking in a condition of 
85 °C/70s and further to crosslinkjng baking in a condition of 110 °C/70s. The resulting resist pattern thickening ma- 
50 lerials 2A to 2L were then rinsed with pure water (deionized water) for 60 seconds to remove the non-crosslinked part, 
and Ihe resist patterns thickened by the resist pattern thickening materials 2A to 2L were developed, whereby the resist 
patterns were formed. 

[01 60] The sizes of the patterns formed by the formed resist patterns (resist patterns) were shown in Table 6 as well 
as the initial pattern sizes (the sizes of the hole patterns before thickening the resist patterns). In Table 6, "2A B to "2L" 
55 correspond to the resist pattern thickening materials 2A to 2L, respectively. 
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Table 6 



10 



15 



20 



25 



30 



Lubricating material name 


Initial pattern size 
(nm) 


Pattern size after lubricating 
(nm) 


2A 


201.5 


194.2 


2B 


203.1 


197.4 | 


2C 


199.8 


190.9 


2D 


205.1 


191.8 


2E 


195.6 


187.4 


2F 


196.9 


170.3 


2G 


198.0 


190.0 


2H 


201 .0 


194.8 


21 


200.6 


189.6 


2J 


199.8 


184.6 


2K 


204.1 


191.0 


2L 


200.8 


173.9 



fo^li f!h a°1 th " s - pre P ared resist P attem thickening materials 2A - 2L were applied onto a line & space pattern 

cSdln of S ?r™ T S th6n in 3 C ° nditi0n ° f 3500 rpm/40s ' and were s ^ ect * d to pre-baking in a 
thSn f T? A an o1 fUrth6r 10 Cr ° SSlinkin 9 bakin 9 in a c °^ition of 110 »C/70s. The resulting resist pattern 

" H ^ H " 2L WGre the " finSed With Pure Water (deioni2ed water > for 60 s ^onds to remove the non 
crosshnked part, and the res,st patterns thickened by the resist pattern thickening materials 2A - 2L were devetoDed 
whereby the respective resist patterns were formed. Developed, 
[0162] The sizes of the patterns formed by the resist patterns were shown in Table 7 as well as the initial pattern 
sizes (the s, 2 es of the fine & space patterns before thickening the resist patterns). In Table 7, "2A^2L corresp^Tnl^to 
the resist pattern thickening materials 2A-2L, respectively" correspond to 



35 



40 



50 



55 



Table 7 



Lubricatin g material name 


Initial pattern space size 
(nm) 


Pattern space size after lubricating ^ 
nm) 


2A 


160.2 


147.2 


2B 


158.8 


148.5 


2C 


159.6 


147.2 


2D 


157.7 


128.6 


2E 


160.5 


139.8 


2F 


161.2 


129.4 


2G 


160.4 


140.1 


2H 


163.0 


145.2 


21 


156.8 


136.5 


2J 


162.1 


129.4 


2K 


161.8 


131.8 


2L 


155.6 


123.9 



[0163] It is apparent from the results of Tables 6 and 7 that the resist pattern thickening material of the present 
■nvent.on ,s apphcable to both a hole pattern and a line & space pattern to thicken them. The resist pattern thickenfng 
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material of the present invention can make the inside diameter of the hole pattern narrow and fine when used for the 
formation of the hole pattern, make the pitch of a linear pattern (the space between resist patterns forming the linear 
pattern) small and fine when used for the formation of the linear pattern, and increase the area of an isolated pattern 
when used for the formation of the isolated pattern. 

[0164] The resist pattern thickening materials 2A : 2G and 2M of the present invention were applied and crosslinked 
onto the surface of a resist formed on a silicon substrate to form surface layers 0.5 u,m thick thereon, respectively. 
These surface layers and the KrF resist (manufactured by SHIPLEY, UV-6) and a polymethyl methacrylate (PMMA) 
for comparison were etched for 3 minutes by use of an etching machine (Parallel-plate type RIE device, manufactured 
by FUJITSU LIMITED) under conditions of P u, =200W, pressure=0.02Torr, CF 4 gas=100 seem, and the film reduction 
amounts of samples were measured to calculate the etching rates, which were then relatively evaluated on the basis 
of the etching rate of the KrF resist. 



Table 8 



Material name 


Etching rate (nm/s) 


Rate ratio 


UV-6 


63.3 (633A/s) 


1.00 


PMMA 


.78.1 (781A/S) 


1.23 


2A 


59.5 (595A/S) 


0.94 


2G 


60:0 (600A/S) 


0.95 


2M 


80.5 (805A/S) 


1.27 



[0165] It is apparent from the result of Table 8 that the etching resistance of the resist pattern. thickening materials 
25 of the present invention is close to the KrF resist and more remarkably excellent than the PMMA. 

[01 66] The arylacetal content of the resist pattern thickening material 2M is less than 5 mol%. The etching resistances 
for the resist pattern thickening material 2M is slightly inferior to those of the resist pattern thickening materials 2A and 
G : both of which has an arylacetal content of 5 mol% or more. 

[0167] When the resist pattern thickening materials 2A-2M were applied onto the resist pattern to be thickened on 
30 a wafer substrate allowed to stand out of a clean room for 1 month after exposure, the same pattern thickening effect 
as in the immediate application of the resist pattern thickening materia! after exposure can be obtained. 
[0168] It is assumed from this result that the resist pattern thickening material of the present invention thickens the 
resist pattern not by use of a crosslinking reaction by diffusion of acid as the conventional technique called RELACS, 
but depending on the compatibility with the resist pattern. 

35 ' 
(Example 3) 

- Flash Memory and its Manufacture - 

40 [01 69] Example 3 is one embodiment of the semiconductor device and manufacturing process thereof of the present 
invention using the resist pattern thickening material of the present invention. In Example 3, resist films 26,27,29,32 
and 34 are thickened by use of the resist pattern thickening material of the present invention according to the same 
process as in Examples 1 and 2. 

[0170] Figs. 3A and 3B are upper surface views (plan views) of a FLASH EPROM called FLOTOX type or ETOX 
45 type. Figs, 4A to 4C, Figs. 5D to 5F, and Figs. 6G to 61 are schematic sectional views for showing one example for the 
manufacturing process for the FLASH EPROM, wherein the left views in Figs. 4A through 61 are schematic sectional 
(A-directional sectional) views in the gate lateral direction (X-direction in Figs. 3A and 3B) of the part for forming a 
MOS transistor having a floating gate electrode in a memory cell pat (first element region), the central views are sche- 
matic sectional (B-directional sectional) views in the gate longitudinal direction (Y-direction in Figs. 3A and 3B) orthog- 
50 onal to the X-direction in the memory cell part of the same part as in the left views, and the right views are schematic 
sectional (A-directional sectional in Figs. 3A and 3B) views of the part for forming a MOS transistor in a peripheral 
circuit part (second element region). 

[0171] A field oxide film 23 by SiO s film was selectively formed on the element separating region on a p-type Si 
substrate 22 as shown in Fig. 4A. Thereafter, a first gate insulation film 24a in the MOS transistor of the memory cell 
55 part (first element region) was formed with Si0 2 film by thermal oxidation so as to have a thickness of 10nm to 30nm 
(100A to 300A), and a second gate insulation film 24b in the MOS transistor of the peripheral circuit part (second 
element region) was also formed with SiO a film by thermal oxidation so as to have a thickness of 10nm-50nm (100A 
to 500 A) in another process. When the first gate insulation film 24a and the second gate insulation film 24b are formed 
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10 



15 



20 



25 



30 



35 



40 



50 



55 



n the same thickness, the oxide films may be formed simultaneously in the same process 

S J° M ° S ,ransis,or having a n-depression type channel in the memory cell part (the left and 

central vews m F,g. 4A), the peripheral circuit part (the right view in Fig. 4A) was masked with a resist film 26 ZTe 

ZeThos D ho^oV hreSh0, ^ ,,a9e - T ° re9i ° n f ° r f0rmin9 3 ^ne/ region just ■^J^JL*^ 
tmde phosphor (P) or arsenic (As) was mtroduced as n-type impurity in a dose of 1x10H-1x10i4cm-2 by ion implan- 

iZir 3 7 IT COntr °' ' ayer 25a - ThS d ° Se and COnductive *f>e of the '"W'ty can be property sSed 
depending on selection of depression type or accumulation type penyseieaea 

vlw 3 of f!o ARWh f0mi M °f tranSiSt ° r h3Ving 3 n - de P ression channel in the peripheral circuit part (the right 
view of F,g. 4B), the memory cell part (the left and central views in Fig. 4B) was masked with a resist fHm27 o ?Z 

oZ°Z° pT ntr °" ing the A ,h : eSh0,d VO,,a9e - T ° thS re9ion forf °™"9 " Channel regie S^TTJS £££ 

surface at rhl'S- 3 "' 00 ", """I {firS * COnductor f ilm > 28 > 50nm-200nm (500A to 2000A )-thick, was formed on the whole 
TcTZt r 9 9 e ' eClr0de ° f thS MOS tranSistor of the memof y «H part ( he left and centra, views in Fiq 

Th?, 3 " f T °! , thS M ° S tranSiSt ° r ° f thS Peripheral Circuit P art t*» ri g- -ew in Fig K). 
?£2 . , p0,yS,l,con f,lm 28 was Patterned with a resist film 29 formed as a mask, as shown in F g 5D to form 

th IS t 9 he oaTrn '"J" 6 M ° S tranS '' St ° r ° f the cel1 P art ^ >e« and centra, views in Fig.' 5D)Z 

ZlTvV 9 ^ perfomried in ^direction so as to have a final dimension width, as shown in Fig 5D bu 

TO 76, ^'trl r ,ea ;:, ,he ^ 9i0n f ° r f0rmin9 3 S/ ° re 9 i0 " ^ —red with the resist film 29. ' ' 

[0176] After the res.st film 29 was removed as shown in the left and central views in Fig 5E a capacitor insulation 
ft m 30a comprising Si0 2 film was formed in a thickness of about 20nm-50nm (200A to sioA) ^SSS^SSZ 
as to cover the floating gate electrode 28a. At this time, a capacitor insulating film 30b compris ngTi^ film Hlso 
ormed on the first po.ysilicon film 28 of the peripheral circuit part (the right view in Fig 5E)Te capadto inslSn 

;:rn^ 

22^ Asecondpolysiliconfilm (secondconductorfilm)31 forming a control gateelectrode was formed in a thickness 
ZSZ M" 30 ( a ° A 10 ^ 35 Fi9 " S ° 35 1 ° C ° Ver "» strode ^"vggZ 

l £ 7 £„ in** me "!° ry ? el, , Part (tHe ,6ft and Centra ' VieWS [n R 9 5F > was masked with a resist film 32 as shown in Fiq 
Ha 5f/w^T P ° ^ "° n ' i,m 31 CapaCit ° r inSU ' ati0n " lm 30b of ^ Peripheral circuit part (the rigTview fn 
rn?^f )W -t 6 SUrceSSIVe,yremovedb y etc hing to expose the first polysilicon film 28. ngntviewm 
Hii!! Thes econd Polysilicon film 31, capacitor insulation film 30a and first polysilicon film 28a patterned onlv in X 
d,ro;„on of the memory cell part (the left and central views in Fig. 6G) were patterned in Y-direc t rorShe resfe film 
32 as a mask so as to have the final dimension of a first gate part 33a as shown in Fig. 6G) whereby a lamSn bv 

he P I' ° n 28 ° f Periphera ' CirCUit Part < the ri ght view in Fig. 6G) was also patterned wrth 

B o« USe < ?! ,amination ^ the contro ' gate electrode 31 a/the capacitor insulation film 30c/the floatinq aate 
SET J ?? °* c 6 m T 0fV Ce " Part (the left and central views in Fj 9- 6H > as mask, phosphor^) of^enMAs) waJ 
ioZTZ tVn B, . SUb , Strate 22 in ^e element forming region in a dose of 1x10-' x1 Wm i by^n p^ionto 
form n-type S/D region layers 35a and 35b. Further, by use of the gate electrode 28b of the periphera drS oart fthe 
nght view ,n Fig^H, as mask, phosphor (P) or arsenic (As) was introduced as n-ty P e impurity' n a dose ol ?S K 

0^ I! Tn inni? TT ^ 6lement ^ * ^ S/Q -gion "ayers^ea'and 36b 

[0181] An innertayer msulation film 37 by PSG film was formed in a thickness of about SOOnm (5000A) so as to cover 

SherS 

[01 82] Thereafter, contact holes 36a and 38b and contact holes 39a and 39b were formed in the innerlaver insulatino 

mS ^ZT^SH%tZ 3 FL rK H EPR ° M ^ manUfaCtu - d - semiconductor device as shown in Fig. 61. 
n Fiol 4A Jln^?n , • SeC ° nd 9atS inSUlati " 9 f ilm 24b of the P eri Pheral circuit part (the right views 

he righ^iews ^S^Z^^J^l T Bm " ^ 28b after th e formation 

' o e " 9h / V,6WS F, f S ; 4C to 5F), the second gate insulating film 24b keeps the originally formed thickness Therefore 
the thickness contt-ol of the second gate insulating film 24b can be facilitated, and the adjustment J«E5£j£S5 
concentrate for the control of threshold voltage can be also facilitated conductive impunty 

L°Sv !" th , 6 K ab °? ? Xample> ,h6 P attemin 9 ,or the formation of the first gate part 33a is performed with a prescribed 
width ftrs. ,n the gate latera.direction (X-direotion in Figs. 3A and 3B) and then in the ga'te longiLdTna" direction 0^ 
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direction in Figs. 3A and 3B) to form a final prescribed width, but the patterning may be reversely performed with the 
prescribed width first in the gate longitudinal direction (Y-direction in Figs. 3A and 3B) and then in the gate lateral 
direction (X-direction in Figs. 3A and 3B) to form the final prescribed width. 

[0186] The example of manufacture of FLASH EPROM shown in Figs. 7A through 7C is the same as the above 
5 example except changing the following process after the process shown in Fig. 5F in the above embodiment as shown 
in Figs. 7A through 7C. Namely, the different point from the above example is that a high melting point metallic mem- 
brane (fourth conductor film) 42 comprising tungsten (W) film or titanium (Ti) film was formed in a thickness of about 
200nm (2000A A)on the second polysilicon film 31 of the memory cell part (the left and central views in Fig. 7A) and 
the first polysilicon film 28 of the peripheral circuit part (the right view in Fig. 7A to provide a polycide film. The processes 
10 after Fig. 7A or the processes shown in Figs. 7B through 7C were performed in the same manner as in Figs. 6G through 
61. The description for the same process as Figs. 6G through 6l was omitted : and the same part as in Figs. 6G through 
61 was shown by the same reference mark in Figs. 7A through 70. 

[0187] According to the above, a FLASH EPROM was manufactured as semiconductor device as shown in Fig. 70. 
[0188] In this FLASH EPROM, since the high melting point metallic membranes (fourth conductor films) 42a and 42b 
15 are provided on the control gate electrode 31 a and the gate electrode 28b, the electric resistance can be further reduced. 
[0189] As the high melting point metallic membrane (fourth conductor film), a high melting point metal silicide mem- 
brane such as titanium silicide (TiSi) membrane, etc. may be used in addition to the above-mentioned high melting 
point metallic membranes (fourth conductor films) 42a and 42b. 

[0190] The example of manufacturing FLASH EPROM shown in Figs. 7A through 7C is the same as the above 
20 example except constituting the second gate part 33c of the peripheral circuit part (second element region) (the right 
view in Fig. 8A) to have a structure comprising a first polysilicon film 28b (first conductor film)/a Si0 2 film 30d (capacitor 
insulation film)/a second polysilicon film 31b (second conductor film) similarly to the first gate part 33a of the memory 
cell part (first element region) (the left and central views in Fig. 8A), and short-circuiting the first polysiljcon film 28b 
and the second polysilicon film 31 b to form a gate electrode as shown in Fig. 8B or Fig. 8C. 
25 [01 91 ] As shown in Fig. 8B, an opening part 52a extending through the first polysilicon film 28b (first conductor film) 
/the Si0 2 film 30d (capacitor insulation film)/the second polysilicon film 31b (the second conductor film) is formed, for 
example, in a position different from the second gate part 33c shown in Fig, 8A, e.g.., on an insulation film 54, and a 
third conductor film, for example, a high melting point metallic membrane 53a such as W film, Ti film, etc, is buried in 
the opening part 52a, whereby the first polysilicon film 28b and the second polysilicon film 31b are short-circuited. As 
30 shown in Fig. 8C, an opening part 52b extending through the first polysilicon film 28b (first conductor film)Ahe Si0 2 
film 30d (capacitor insulation film) is formed to expose the first polysilicon film 28b of the lower layer to the bottom of 
the opening part 52b, and a third conductor film, for example, a high melting point metallic membrane 53b such as W 
film, Ti film, etc. is buried in the opening part 52b, whereby the first polysilicon film 28b and the second polysilicon film 
31b are short-circuited. 

35 [0192] In this FLASH EPROM, since the second gate part 33c of the peripheral circuit part has the same structure 
as the first gate part 33a of the memory cell part, the peripheral circuit part can be formed simultaneously with the 
formation of the memory cell part to effectively simplify the manufacturing process. 

[0193] The third conductor film 53a or 53b and the high melting point metallic membrane (fourth conductor film) 42 
may be simultaneously formed as a common high melting point metallic membrane in addition to the above independent 
40 formation. 

(Example 4) 



- Manufacture of Magnetic Head - 

45 

[0194] Example 4 relates the manufacture of a magnetic head as an applied example of the resist pattern according 
to the present invention using the resist pattern thickening material according to the present invention. In Example 4, 
resist patterns 102 and 126 are thickened by the same process as in Example 1 and 2 by use of the resist pattern 
thickening materia! according to the present invention. 
so [0195] Figs, 9A through 9D are flowcharts for showing the manufacture of the magnetic head. 

[0196] A resist film was formed on an innerlayer insulation layer 100 in a thickness of 6 um, as shown in Fig 9A, 
followed by exposure and development to form a resist pattern to be thickened 102 having an opening pattern for 
forming a spiral thin film magnetic coil. 

[01 97] A plating underlying layer 1 06 comprising the lamination of a Ti adhesion layer 0.01 pm thick and a Cu adhesion 
55 layer 0.05 urn thick was formed by evaporation, as shown in Fig. 9B, on the resist pattern to be thickened 1 02 and the 
part having no resist pattern to be thickened 102 formed thereon or the exposed surface of the opening part 104 on 
the innerlayer insulation layer 100. 

[0198] A thin film conductor 1 08 comprising a Cu plating film 3 um thick was formed, as shown in Fig. 9C, in the part 
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EZ2 ,h P ? „ thK * Sned 102 f0rmed there ° n - or on * e surface ° f the Ptafng underlying layer 106 
2 °"^ e ex P° sed surface of the opening part 104 on the innerlayer insulation layer 100 

[01 99 When the resist pattern to be thickened 1 02 is dissolved and removed and lifted off from the innerlaver insu- 
lin layer 100 as shown in Fig. 9D, a thin film magnetic coil 110 by the spira, pattern of the £^cSS2TlSTh 

[0200] According to the above, the magnetic head was manufactured 

Enedbv useoftf EST^ ^ ?T 3 Patt6m ' S ""^ f0rmed * the resist P attern to be Sickened 1 02 
arS r,Z f Inn T the n th,ckenin 9 matenal according to the present invention, the thin film magnetic coil 11 0 is fine 
and fine, and also excellent in mass-productivity. 

K ? 9S " 1 |° thr ° < U , 9 i 1 1 5 flowcharts for showi "9 *e manufacture of another magnetic head 
KL£ 8 k y v W f f0im6d ° n 3 Cerami ° nonma 9netic substrate 112 by sputtering as shown in Fig 10 An 
insulator layer by sihcon oxide and a conductive underlying layer comprising Ni-Fe permalloyperm alloy w^ich are not 
shown , are preliminarily f cmed on the nonmagnetic substrate 1 12 by sputtering, and a lower Z CiS 
Ni-Fe permalloyperm alloy is further formed thereon. A resin insulafion film 116 was forced by use of a ^herZsett no 
nTZ 8 T Cribed re9i0n °" 93P ' ayer 114 eXCept * e part fomin 9 tne magnetic™ of th ^ JSZSC! 

ZoZr^LtT e Z was T app,ied t0 the resin insu,ation fi,m 116 ,o fo ™ a resist fi-m lis 9 y 

[0204] The res,st f.lm 118 was then subjected to exposure and development, as shown in Fig 11 to form a soiral 
pattern. The res,st f.lm 11 8 of the spira. pattern was thermally set at severe. hundreds'C for abouM hr as shownTn 

as sr^crsss xsr 120 a — e - <~ - »~ 

[0205] A resist material was applied onto the conductive underlying layer 122 by spin coating to form a resist film 

Eying ^STSZ Z t — ^ P,a,in9 ' " Sh0W " " U - °" thC 6XpOSed SUrface ° f the'conductive 
lift nff a e k L I P " 9 "° ^ pattem 126 fonTled thereon - Thereafter, the resist pattern 126 was 

S„ « ^ ' n ^ ' fr ° m COnductive ""^9 '^r 122 by being dissolved and removed to form a 
spiral thin film magnetic coil 130 by the Cu conductor layer 128 I0rm a 

fSSn rf CCOrdin9 , t ° th « above . a magnetic head having the magnetic layer 132 on the resin insulation film 116 and 
0208 !k ° n ^ SUrfaCe> 88 ShOW " " the P ' an View of R 9- 16. was manufactured 

use of thi th t 9 1 ma9 , net,C h6ad> SinCS 3 Spira ' Pattem 13 ,ine| y formed ^ the resist pattern 126 thickened by 

[0209] According to the present invention, it is possible to provide a resist pattern thickening material useful for 
forming a fine pattem with low cost by coating the resist pattem thickening material, exceeding an Exposure IW o 
ZZ f % ras ° Urce of an ex P° sure improving the etching resistance of the resist pattem 

h v , cL ?? ' acC T 9 10 thS PreSent inventions . j t is possible to provide a resist pattern which can be patterned 
by using ArF excmer laser, has a fine structure, and is excellent in etching resistance P 
[0211] According to the present invention, it is also possible to provide a process for forming a resist pattern canable 
of using ArF excmer laser light as exposure light with excellent mass-pmductivity and^inel^manuSu rina a ffne 
40 ST V^TTV™ 6XP0SUre ' imit ° f ,i9ht With ,ow cost - with ease - «* ' • Ith imping 
a^attT^ 

Sa« A ^t^^^ 

45 \°V t 41 m FUrt . her rn0r6, accordin 9 10 m e present invention, it is possible to use the ArF excimer laser light as an exoosure 

1 hf nf J epolyphenol compound, an aromatic carboxylic acid compound, a perhydroxy naphthalene compound 
r 0 oi fi f P , T? C ° m K POUnd ' 3 f ' aVOn0id ^P 0 ^ a " d d erivatives and glycosides thereof PWhaleneCOm P 0Und > 
one ^aLno n g a r ou , p 0n ' Cr ° SS,,nkin9 ^ m3y be Water S0,Ub,e " —linkable by heat or acid and contain at .east 
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[0217] Preferably, the surfactant is at least one type selected from a polyoxyethylene-polyoxypropvlene condensed 
nZv°3 U co m n r'^'^f"" , a,ky ' 6ther COmPOUnd ' 3 Pe^thylene a.kyl Ur eo^nd^S^C S 

[0218] Theres,stpatternmaycompriseanup P erlayer( S urface.ayer)providedonanunderlayerresistpattern(resist 
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pattern to be thickened), with an etching rate (A/s) ratio (underiayer resist pattern/upperfayer) of the underlayer resist 
pattern to the upperlayer under the same condition of 1 .1 or more. 

[0219] The upperlayer may contain an aromatic compound, and the underiayer resist pattern may contain a non- 
aromatic compound and no water-soluble aromatic compound. 
5 [0220] Furthermore, a material of the underiayer resist pattern may be at least one type selected from an acrylate 
resist having an alicyclic functional group on a side chain, a cycloolefin-maleic anhydride resist and a cycloolef in resist. 
The alicyclic functional group may be selected from an adamantyl group and a norbornane group, and the cycloolefin 
resist may contain at least one of norbornane and adamantane in a main chain thereof. 

[0221 ] Preferably, a development of the resist pattern thickening material is performed after applying the resist pattern 
10 thickening material using pure water. 

[0222] In the process for manufacturing a semi conductor device according to the present invention, it is preferred 
that a development of the resist pattern thickening material is performed after applying the resist pattern thickening 
material and that the development is performed using deionized water. 



Claims 

A resist pattern thickening material characterized by that the resist pattern thickening material contains; 
a resin; 

a crosslinking agent; and 
a compound having a cyclic structure. 

A resist pattern thickening material according to claim 1 , wherein the resist pattern thickening material is one of a 
water-soluble and an alkali-soluble. 

A resist pattern thickening material according to any one of claims 1 and 2, wherein the compound having a cyclic 
structure exhibits one of a water-solubility of 1 g or more to 1 00 g of 25 °C water, and an alkali-solubility of 0.1 g 
or more to 100g of 2.38 % by mass of 25 °C tetramethylammoniumhydroxide. 

A resist pattern thickening material according to any one of claims 1 to 3, wherein the compound having a cyclic 
structure has two or more of polar groups. . 

A resist pattern thickening materia! according to claim 4, wherein the polar groups are selected from a hydroxyl 
group, an amino group, a sulfonyl group, a carboxyl group, a carbonyl group, and derivatives thereof. 

A resist pattern thickening material according to claims 1 to 5, wherein the compound having a cyclic structure is 
selected from an aromatic compound, an alicyclic compound, and a heterocyclic compound. 

A resist pattern thickening material according to claim 6, wherein the aromatic compound is selected from a 
polyphenol compound, an aromatic carboxylic acid compound, a naphthalene polyvalent alcohol compound, a 
benzophenone compound, a flavonoid compound, and derivatives and glycosides thereof, 

the alicyclic compound is selected from polycycloalkane, cycloalkane, steroids, derivatives and glycosides 
thereof, and 

the heterocyclic compound is selected from pyrrolidine, pyridine, imidazole, oxazole, rnorpholine, pyrrolidone, 
furan, pyran, saccharides and derivatives thereof. 

A resist pattern thickening material according to claims 1 to 7, wherein the resin has a cyclic structure at a part of 
the resin. 

A resist pattern thickening material characterized by that the resist pattern thickening material contains: 
a resin which has a cyclic structure at a part of the resin; and a crosslinking agent. 

1 0. A resist pattern thickening material according to any one of claims 8 and 9, wherein the cyclic structure is selected 
from an aromatic compound, an alicyclic compound, and a heterocyclic compound. 

11. A resist pattern thickening material according to any one of claims 8 to 10, wherein the resin which has a cyclic 
structure at a part of the resin has a content of 5 mol% or more. 
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12. A ^sist pattern thickening material according to any one of claims 1 to 11. wherein the resin has one of a water- 
solubility and an alkali-solubility. 

1 3. A resist pattern thickening material according to any one of claims 1 to 1 2. wherein the resin is one selected at 
least from polyvinyl alcohol, polyvinyl acetal, and polyvinyl acetate. 

1 4 ' t A n ?n ? K att6m thk *t nin9 material accordin 9 to any one of claims 1 to 13, wherein the resin contains 5% by mass 
to 40 % by mass of the polyvinyl acetal. y 

10 polargro P u a ps em thiCke " in9 materia ' accordin 9 t0 an V one of clai ™ 1 to 14, wherein the resin has two or more of 

16 ' ^r^ln? 6 " 1 thiCkening mat erial wording to claim 15, wherein the polar groups are selected from a hydroxyl 
group, an ammo group, a sulfonyl group, a carboxyl group, a carbonyl group, and derivatives thereof. 

17 ' iSt P a M em , t r iCkening materia ' accordin 9 to any one of claims 1 to 16, wherein the cross.inking agent is one 
selected at least from a melamine derivative, a urea derivative and a uril derivative. 

^ 18. Aresistpattern thickening material according to any one of claims 1 to 17 further containing a surfactant. 

19 " tl'^t i ! t H P M em . t I ,iCkenin9 materia ' t0 a "y one of claims 1 to 18. wherein the surfactant is one type 

facSt 3 n0n "'° niC SUrfaCtant ' a cationic lactam, an anionic surfactant, and an ampholytic sur- 

25 20. A resist pattern thickening material according to claim 1 9, 

rionc ^ her6in the non-ionic surfactant is one selected at least from a polyoxyethylene^olyoxypropylene con- 
densed compound, a po.yoxyalky.ene alky, ether compound, a potyoxyethylene alkyl ethJr compound" a pofyox- 
oZtZZrlTT C ?7° Und ' 3 SOrbitan fatty compound, a g.ycerin fatty acid ester compound, a 

J^ZT ,° X)f I" COmpOUnd - a P heno1 et "oxylate compound, an alkoxylate surfactant, a fatty acid ester 
one 22 h T , f aCtam ' a,C ° h01 SUrfaCtant ' and an et "y'enediamine surfactant; the cationic surfactant is 
°Te ™ S!nJ * ? ° m ^ 8 Vl Cati ° niC surfactant - an amide t/Pa quaternary cationic surfactant, and an ester 

55LS^.^asS ,nd the ampho,ytic surfactant is one se,ected at ,eas « fram an °* ida 

^ 21. A resist pattern thickening material according to any one of claims 1 to 20, further containing an organic solvent. 

22 ' an »t!lh P f T thi t Ckeni " 9 material according to claim 21 . wherein the organic solvent is one selected at leastfrom 

S ° IVent ' 3 CyC ' iC 6Ster S0 ' Ventl 8 k6t ° ne S0,Vent ' 3 Chain ether solven ^ and a 

40 

t A hiSnLrwr a Cha t rapteriZ f d , by ! hat the rSSiSt P attemhas a surface ,a y er Prided on a resist pattern to be 
thickened with an etching rate (nm/s) ratio (resist pattern to be thickened /surface layer) of 1 .1 or more under the 

^ZTZT"* th ? etChi " 9 ratS (nm/S) rati ° (rSSiSt Pattern t0 be thickened /surface ^ * a " etching rate 
(nm/s) ratio of the resist pattern to be thickened to the surface layer. 

24. A resist pattern according to claim 23. wherein the surface layer has a compound having a cyclic structure. 

25. A resist pattern according to any one of claims 23 and 24. wherein a content of the compound having a cyclic 
structures gradually reduced from the surface layer to an inner part. 

26. A resist pattern according to any one of claims 23 to 25. wherein a surface of the resist pattern to be thickened is 
app hed with a resist pattern thickening material according to any one of claims 1 to 22. so as to cover the surface 
of the res,st pattern to be thickened after forming the resist pattern to be thickened. 

55 27. A process for forming a resist pattern characterized by that the process for forming a resist pattern includes: 

a step for applying a resist pattern thickening material so as to cover a surface of a resist pattern to be thickened 
after forming the resist pattern to be thickened, 
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wherein the resist pattern thickening material according to any one of claims 1 to 22. 

28. A process for forming a resist pattern according to claim 27, wherein a development of the resist pattern thickening 
material is performed after applying the resist pattern thickening material. 

5 

29. A process for forming a resist pattern according to claim 28, wherein the development is performed by using 
deionized water. 

30. A process for forming a resist pattern according to any one of claims 27 to 29, wherein the resist pattern has a 
10 surface layer provided on a resist pattern to be thickened, with an etching rate (nm/s) ratio (resist pattern to be 

thickened /surface layer) of 1.1 or more under the same condition; and the etching rate (nm/s) ratio (resist pattern 
to be thickened /surface layer) is an etch ing rate (nm/s) ratio of the resist pattern to be thickened to the surface layer. 

31. A process for forming a resist pattern according to claim 30, wherein the surface layer has at least one of a cyclic 
*s structure and a compound having a cyclic structure. 

32. A process for forming a resist pattern according to any one of claims 30 and 31 , wherein a content of one of the 
cyclic structure and a compound having a cyclic structure is gradually reduced from the surface layer to an inner 
pari. 

20 

33. A semiconductor device characterized by that the semiconductor device has a pattern formed by a resist pattern 
according to any one of claims 23 to 26. 

34. A process for manufacturing a semiconductor device characterized by that the process for manufacturing a sem- 
25 iconductor device includes the steps of: 

forming a resist pattern by applying a resist pattern thickening material according to any one of claims 1 to 22, 
to cover a surface of a resist pattern to be thickened to thicken the resist pattern to be thickened to form the 
resist pattern, after forming the resist pattern to be thickened on an underlying layer; and patterning the un- ' 
30 derlying layer by performing an etching using the resist pattern formed in the step for forming the resist pattern 

which is thickened as a mask. 

35. A process for manufacturing a semiconductor device according to claim 34, wherein the resist pattern is formed 
of an ArF resist. 

35 

36. A process for manufacturing a semiconductor device according to claim 35, wherein the ArF resist is one type 
selected at least from an acryl resist having a side-chain of an alicyclic group, a cycloolefin-maleic acid anhydride 
resist, and a cycloolefin resist. 

to 37. A process for manufacturing a semiconductor device according to any one of claims 34 to 36, further including: 

a step for applying a non-ionic surfactant to the surface of the resist. pattern to be thickened prior to the step 
for forming the resist pattern; 

45 wherein the non-ionic surfactant is one selected at least from a polyoxyethylene-polyoxypropylene con- 

densed compound, a polyoxyalkylene alkyl ether compound, a polyoxyethylene alkyl ether compound, a polyox- 
yethylene derivative compound, a sorbitan fatty acid ester compound : a glycerin fatty acid ester compound, a 
primary alcohol ethoxylate compound, and a phenol ethoxylate compound. 

50 38. The use of a resist pattern thickening material as defined in any one of claims 1 - 22 in the manufacture of a 
magnetic head. 
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